
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||l|||||||||||||||| 
US 20040214800A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0214800 A1 

Levy et al. (43) Pub. Date: Oct. 28, 2004 

(54) METHODS OF USING SUBSTITUTED (22) Filed: Oct. 24, 2003 
TETRACYCLINE COMPOUNDS TO 
MODULATE RNA Related US. Application Data 

(76) Inventors; Stuart B, Levy, Boston, MA (Us); (60) Provisional application No. 60/421,248, ?led on Oct. 
Michael Draper, PlaistoW, NH (US); 24, 2002. 
Mark L. Nelson, Norfolk, MA (US); 
Graham Jones, Needham, M A (Us) Publication Classi?cation 

Correspondence Address; (51) Int. Cl.7 ................................................... ..A61K 31/65 
LAHIVE & COCKFIELD, LLP_ (52) US. Cl. ............................................................ .. 514/152 
28 STATE STREET 
BOSTON, MA 02109 (US) (57) ABSTRACT 

Arnethod for modulating RNA With tetracycline compounds 
(21) Appl. No.: 10/692,764 is described. 

1 0 O _ 

nitrite 

. ‘ " mRNA 

m protein 

5 0 _ 
Normalized levels of mRNA, protein, and nitrite 

‘ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Y 



US 2004/0214800 A1 Patent Application Publication Oct. 28, 2004 

H mRNA 

m protein 

100 

50 BEE Ea d?oa {7&6 M0 222 ENIQESZ 



US 2004/0214800 A1 

METHODS OF USING SUBSTITUTED 
TETRACYCLINE COMPOUNDS TO MODULATE 

RNA 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Serial No. 60/421,248, ?led Oct. 24, 
2002, incorporated herein by reference in its entirety. 

BACKGROUND 

[0002] Molecules of RNA are transcribed from DNA. 
RNA molecules are relatively short compared to DNA 
molecules. RNA transcripts that direct the synthesis of 
protein molecules are called messenger RNA (mRNA) mol 
ecules, While other RNA transcripts serve as transfer RNAs 
(tRNAs) or form the RNA components of ribosomes (rRNA) 
or smaller ribonucleoprotein particles. 

[0003] The amount of RNA-made from a particular region 
of DNA is controlled by gene regulatory proteins that bind 
to speci?c sites on DNA close to the coding sequence of a 
gene. In any cell at any given time, some genes are used to 
make RNA in very large quantities While other genes are not 
transcribed at all. For an active gene thousands of RNA 
transcripts can be made from the same DNA segment in each 
cell generation. Because each mRNA molecule can be 
translated into many thousands of copies of a polypeptide 
chain, the information contained in a small region of DNA 
can direct the synthesis of millions of copies of a speci?c 
protein. 
[0004] In eukaryotes, a primary RNA transcript is synthe 
siZed; this transcript contains both introns and exons. Intron 
sequences are cut out and exon sequences on either side of 
an intron are joined together by RNA splicing. 

[0005] The translation of mRNA into protein depends on 
a set of small RNA molecules knoWn as transfer RNAs 
(tRNAs), each about 80 nucleotides in length. A tRNA 
molecule has a folded three-dimensional conformation that 
is held together in part by noncovalent base-pairing inter 
actions like those that hold together the tWo strands of the 
DNA helix. In the single-stranded tRNA molecule, hoWever, 
the complementary base pairs form betWeen nucleotide 
residues in the same chain, Which causes the tRNA molecule 
to fold up in a unique Way. 

[0006] The codon recognition process by Which genetic 
information is transferred from mRNA via tRNA to protein 
depends on the same type of base-pair interactions that 
mediate the transfer of genetic information from DNA to 
DNA and from DNA to RNA. The mechanics of ordering the 
tRNA molecules on the mRNA require a ribosome. Each 
ribosome is a large protein-synthesiZing machine on Which 
tRNA molecules position themselves so as to read the 
genetic message encoded in an mRNA molecule. The ribo 
some ?rst ?nds a speci?c start site on the mRNA that sets the 
reading frame and determines the amino-terminal end of the 
protein. Then, as the ribosome moves along the mRNA 
molecule, it translates the nucleotide sequence into an amino 
acid sequence one codon at a time, using tRNA molecules to 
add amino acids to the groWing end of the polypeptide chain. 
When a ribosome reaches the end of the message, both it and 
the freshly made carboxyl end of the protein are released 
from the 3‘ end of the mRNA molecule into the cytoplasm. 
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[0007] Although most tRNAs are initially synthesiZed as a 
larger precursor RNA, an RNA molecule has been shoWn to 
play the major catalytic role in an RNA-protein complex that 
recogniZes these precursors and cleaves them at speci?c 
sites. A catalytic RNA sequence also plays an important part 
in the life cycle of many plant viroids. Most remarkably, 
ribosomes are noW suspected to function largely by RNA 
based catalysis, With the ribosomal proteins playing a sup 
porting role to the ribosomal RNAs (rRNAs), Which make 
up more than half the mass of the ribosome. The large rRNA 
by itself, for example, has peptidyl transferase activity and 
catalyZes the formation of neW peptide bonds. 

[0008] The development of compositions and methods for 
modulation of RNA Would be of great bene?t in modulating 
numerous cellular processes and in the treatment of disor 
ders. 

SUMMARY OF THE INVENTION 

[0009] In one embodiment, the invention pertains at least 
in part, to methods for modulating RNA. The method 
includes contacting an RNA molecule or a cellular compo 
nent With a substituted tetracycline, such that modulation of 
RNA occurs. 

[0010] In yet another embodiment, the invention includes 
a method for treating a subject for a disorder treatable by 
modulation of RNA or by modulation of RNA in combina 
tion With a second agent (DTMR). The method includes 
administering to the subject an effective amount of a tetra 
cycline compound, or With a tetracycline compound in 
combination With a second agent such that the DTMR is 
treated. In further embodiments, the effective amount is 
effective to modulate translation, the half-life, message 
translocation, the binding of proteins, or splicing of the 
subject’s RNA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a bar graph depicting variations of iNOS 
mRNA, protein, and nitrite levels in LPS stimulated mouse 
macrophages. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] 
[0013] In one embodiment, the invention pertains at least 
in part, to methods for modulating RNA. The method 
includes contacting an RNA molecule, or a cellular compo 
nent, With a tetracycline compound, such that modulation of 
RNA occurs. In certain embodiments, the RNA molecule is 
located Within a subject. 

I. Methods for Modulating RNA 

[0014] The term “modulate,”“modulating” or “modula 
tion” includes increasing, decreasing, or otherWise changing 
the level, amount, function, structure, and/or activity of a 
particular molecule of RNA. 

[0015] The term “modulating RN ” or “modulation of 
RNA” includes modulation of all functions, structures, 
amounts, and/or activities of RNA Which can be modulated 
by substituted tetracycline compounds of the invention. 
Modulation of RNA includes, for example, modulation of 
transcription, translation, translocation, catalysis, secondary 
structure, splicing, stability, etc. The term also includes 
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modulations of the half-life of RNA. RNA can be modulated 
Within an organism, cell, intracellular space, nucleus and/or 
other cellular compartment. 

[0016] In one embodiment, a speci?c RNA molecule can 
be modulated, e.g., a speci?c type of RNA (such as mRNA 
or rRNA) and/or an mRNA specifying a particular protein 
can be modulated, While other mRNA molecules are not 
affected. In another embodiment, RNA molecules in general, 
e.g., several different types of RNA can be modulated and/or 
a plurality of mRNA molecules specifying different proteins, 
can be modulated according to the invention. 

[0017] Modulation of RNA can occur directly, e.g., by 
modulation of RNA itself, for example by binding of tetra 
cycline to the RNA (for example to alter its secondary 
structure) or indirectly, e.g., by binding of a molecule to a 
component of a cell, e.g., a protein With Which the RNA 
interacts. For example, the tetracycline compound may 
interact With a particular protein necessary for the synthesis 
of an RNA molecule or With a protein molecule With Which 
the RNA molecule interacts (e.g., a ribosomal protein), and 
thus modulate the RNA Without directly binding to the RNA 
itself. 

[0018] Examples of RNA molecules Which may be modu 
lated using the methods of the invention include, but are not 
limited to, hnRNA, mRNA, tRNA, ribosomal RNA, nuclear 
RNA, snRNA, and small RNA aptamers. 

[0019] The RNA may also be e.g., RNA from a prokary 
otic cell, a eukaryotic cell or may be viral RNA. 

[0020] The term “cellular component” includes cells (in 
vivo and in vitro), cellular organelles (e.g., ribosomes, 
nuclei, mitochondria, chloroplasts, etc.), cytoplasm, etc. In a 
further embodiment, the cells are located Within a subject. In 
another embodiment, the cells are in vitro. In another further 
embodiment, the cellular component comprises RNA. In a 
further embodiment, the cellular component is a cell Which 
is associated With (e.g., derived from a subject having or 
present in a subject having) a particular disorder treatable by 
modulation of RNA or by modulation of RNA in combina 
tion With a second agent (DTMR). For example, When the 
DTMR is a tumor, the cellular component may be a cell of 
the tumor. 

[0021] RNA modulation can occur via a variety of differ 
ent mechanisms. Exemplary mechanisms are listed beloW. 

[0022] In one embodiment, RNA is modulated by direct 
interaction With a tetracycline molecule (e.g., Berens. 2001. 
Tetracyclines in Biology, Chemistry and Medicine ed. By M. 
Nelson, W. Hillen and R. A. GreenWald, pp 177-196). 
Preferably, “modulation of RNA” as used herein excludes 
interaction of a tetracycline molecule With the 30S riboso 
mal subunit of a bacterial cell. In another preferred embodi 
ment, binding to 16S RNA and the proteins S4, S7, S9, and 
S17 are preferentially excluded from the term “modulation 
of RN ”. 

[0023] In one embodiment, the RNA is modulated by 
altering RNA transcription. For example, tetracycline com 
pound may inhibit or decrease the transcription of an 
mRNA. In another embodiment, a tetracycline compound 
may inhibit transcription. 

[0024] Levels of transcription can be measured in the 
presence and the absence of a tetracycline compound using 
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techniques that are knoWn in the art. Transcription of a 
speci?c gene can be measured or genome-Wide transcription 
(transcription of many genes) can be detected. For example, 
in one embodiment, transcription levels can be detected by 
performing nascent-chain run-on analysis. This technique is 
knoWn in the art and requires using P32 labeled nucleotides; 
genes With high transcription levels can be detected by 
intensity. In another example, transcription of a reporter 
gene, e.g., luciferase Which is easily detectable, can be 
operably linked to a gene of interest. Detection of light Will 
indicate transcription of the gene of interest. Other exem 
plary methods for measuring transcription include Northern 
blots and in situ hybridiZation. Detection of transcription 
levels of more than one gene can be performed using, e.g., 
microarrays (e. g., cDNA or synthetic oligonucleotide arrays) 
or PCR. 

[0025] In one embodiment, the RNA is modulated by 
altering RNA translation. For example, tetracycline com 
pound may inhibitor decrease the translation of a mRNA. In 
one embodiment, a tetracycline compound may inhibit RNA 
translation by inhibiting its initiation. In another embodi 
ment, a tetracycline compound may inhibit translation by 
altering the point at Which translation terminates. For 
example, in one embodiment a tetracycline compound can 
cause a ribosome to skip a termination codon and continue 
translation. 

[0026] In one embodiment, the level of a speci?c protein 
translated from mRNA can be measured using standard 
techniques. For example, in vitro or in situ analysis of 
enZyme activity can be measured, if the protein is an 
enZyme. In vitro analysis can include activity in bulk protein 
extracts, or after electrophoresis to partially separate the 
enZyme from other proteins. In another example, in vitro or 
in situ analysis can be performed using immunochemical 
methods, i.e., employing a labeled antibody speci?c for the 
protein. Quanti?cation/visualiZation of the antibody can the 
be performed. Western blots can be performed after elec 
trophoresis or cellular extracts or components can be 
assayed directly, e.g., by ELISA or immunoprecipitation. If 
the protein is suf?ciently abundant, it can also be directly 
visualiZed after 1D or 2D electrophoresis if it can be 
separated suf?ciently from other proteins by this method. 

[0027] In one embodiment, the level of mRNA specifying 
a particular protein can be measured. In another embodi 
ment, the level of total mRNA can be measured. Such 
measurements can be made using techniques described 
herein or other techniques knoWn in the art. 

[0028] In another embodiment, the half-life of RNA is 
modulated by contacting the cellular component With the 
tetracycline compound. For example, in one embodiment, 
the half-life of mRNA is increased. In one embodiment, a 
tetracycline compound of the invention increases the bind 
ing of RNA to a ribosome, thereby increasing the stability of 
the RNA (Wei and Bechhofer. 2002. J. of Bacteriology 184: 
889). In another embodiment, the half-life of mRNA is 
decreased. In a further embodiment, the tetracycline com 
pound is not tetracycline or otherWise described in Wei and 
Bechhofer. 2002. J. of Bacteriology 184:889. 

[0029] For example, in one embodiment, a tetracycline 
molecule of the invention increases the degradation of a 
speci?c mRNA molecule. For example, the half-life of 
mRNA specifying a protein such as iNOS (Amin et al. 1997. 
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FEBS Letters 4101259) can be measured. In a further 
embodiment, the tetracycline compound is not doxycycline, 
minocycline, or a tetracycline compound described in Amin 
et al. 1997. FEBS Letters 4101259. 

[0030] In one embodiment, the half-life of RNA can be 
measured using in vitro nuclear run-on transcription assays 
knoWn in the art. Nuclei can be isolated from cells and 
incubated in vitro With radioactive precursors under condi 
tions Where nascent RNA pol II Will continue elongation off 
of the native gene, but Will not initiate transcription. The 
fraction of total incorporated radioactivity in a speci?c 
transcript can be measured and a degradation rate constant 
can be generated. In another embodiment, a kinetic analysis 
can be performed. For example, radioactive precursors can 
be provided and, over time, amounts of radioactivity (spe 
ci?c activity) in a particular mRNA can be measured by 
hybridiZation With unlabeled cloned DNA. The concentra 
tion of mRNA can be folloWed over time using this method. 

[0031] In another embodiment, the Kd can be indepen 
dently assayed by performing a pulse-chase experiment 
Where radioactive precursor is chased out of the cell, and 
then the decline in radioactivity of mRNA molecules made 
during the pulse is folloWed. In yet another example, syn 
thesis and/or degradation rates can be estimated using tran 
scription reporters. 

[0032] In another embodiment, the RNA can be modulated 
by modulating the translocation of the RNA. For example, 
in one embodiment, a tetracycline molecule may interfere 
With the translocation of an RNA molecule to or from the 
nucleus of a cell. 

[0033] Translocation of RNA to the nucleus can be mea 
sured, e.g., by nuclear translocation assays in Which the 
emission of tWo or more ?uorescently-labeled species is 
detected simultaneously. For example, the cell nucleus can 
be labeled With a knoWn ?uorophore speci?c for DNA, such 
as Hoechst 33342. The RNA can be directly or indirectly 
labeled, e.g., ?uorescently-labeled antibody speci?c for 
RNA. The amount of RNA that translocates to or from the 
nucleus can be determined by determining the amount of a 
?rst ?uorescently-labeled species, i.e., the nucleus, that is 
distributed in a correlated or anti-correlated manner With 
respect to a second ?uorescently-labeled species, i.e., the 
RNA as described in Us. Pat. No. 6,400,487, the contents 
of Which are hereby incorporated by reference. 

[0034] Modulation of RNA also includes modulation of 
the processing of a particular RNA molecule by splicing. 
The tetracycline compound may affect the arrangement, or 
the inclusion, or the exclusion of sections of the RNA by 
affecting the mechanisms governing splicing. For example, 
in the case of mRNAs, the tetracycline compound may, for 
example, promote the inclusion of a particular exon, or 
promote the exclusion of a particular exon, or cause a 
particular exon siZe to become altered, for example, by 
inclusion of a sequence at the 5‘ or the 3‘ ends of the exon. 
The tetracycline compound may promote the inclusion or 
the exclusion of an exon containing, for example, a prema 
ture stop codon. The tetracycline compound may modulate 
splicing by, for example, activating cryptic splice sites, or 
silencing consensus splice sites, or silencing exonic or 
intronic splicing enhancers (ESEs or ISEs) or by silencing 
exonic or inronic splicing silencers (ESSs or ISSs), or 
altering the binding orf a component of the splicing machin 
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ery to the RNA, or by affecting the intermolecular interac 
tions betWeen components of the splicing machincery. 
Examples of RNA splicing are discussed in Stoss et al. 
(2000), Gene Then Mol. Biol. 519-30; Liu et al. (1994) J. 
Euk. Microbiol. 41:31; HertWeck et al., 2002. Eur J. Bio 
chem 26911.75. 

[0035] In another embodiment, the amount of spliced 
mRNA specifying a particular protein can be measured. In 
another embodiment, the effect of a tetracycline compound 
on splicing of RNA can be measured, e.g., using standard 
assays such as [3 globin splicing assays (HertWeck et al. 
2002. Eur J. Biochem. 2691175). In one embodiment, a 
particular form of RNA (e.g., an mRNA molecule compris 
ing a particular exon) can be measured in a cell. In a further 
embodiment, the tetracycline compound is not tetracycline, 
chlortetracycline, or other tetracycline compounds described 
in HertWeck et al. 2002. Eur. J. Biochem. 2691175 or Liu et 
al. 1994. J. Euk. Microbiol. 41(1)131. 

[0036] Various spliced forms of mRNA can be detected in 
a cell using techniques knoWn in the art. For example, in one 
embodiment, PCR can be performed using primer sets that 
speci?cally amplify the products to be detected (see, e.g., 
Lim and Hertel. 2001 J. Biol. Chem 276145476). In another 
embodiment, a reporter cell line is used to detect changes in 
RNA splicing. For example, a cell line such as the 654 EGFP 
reporter cell line (Which comprises a C to T mutation at 
nucleotide 654 of the human [3-globin intron 2 (see, e.g., 
SaZani et al. 2001. Nucleic Acids Research 2913965). Treat 
ment of these cells With an agent that modulates RNA 
splicing can restore proper splicing and translation of EGFP, 
thereby providing a rapid and positive readout for identi? 
cation of such agents. 

[0037] In another embodiment, the RNA is modulated by 
altering the interactions of proteins With the RNA molecule. 
Examples of proteins Which interact With RNA include 
hnRNP proteins, snRNP proteins, ribosomal proteins, endo 
nucleases, and other enZymes. The substituted tetracycline 
compound may either promote or inhibit the interactions of 
particular proteins With RNA. In certain embodiments, the 
interaction of RNA With another nucleic acid molecule may 
also be modulated by the interaction of the tetracycline 
compound. 

[0038] The ability of the tetracycline compound to modu 
late binding of an RNA molecule to one or more proteins can 
also be determined. Determining the ability of the test 
compound to binding can be accomplished, for example, by 
coupling the RNA molecule or the protein(s) With a radio 
isotope or enZymatic label such that binding of the RNA to 
the protein can be determined by detecting the labeled 
molecule in a complex. For example, RNA or protein can be 
labeled With 1251, 35S, 14C, or 3H, either directly or indi 
rectly, and the radioisotope detected by direct counting of 
radioemmission or by scintillation counting. Alternatively, 
compounds can be enZymatically labeled With, for example, 
horseradish peroxidase, alkaline phosphatase, or luciferase, 
and the enZymatic label detected by determination of con 
version of an appropriate substrate to product. Alternatively, 
if the protein With Which the RNA interacts is an enZyme, it 
can be detected Without labeling. 

[0039] In one embodiment, the amount of binding of RNA 
to the protein target molecule in the presence of the tetra 
cycline compound is greater than the amount of binding of 
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RNA to the target molecule in the absence of the tetracycline 
compound, in Which case the tetracycline compound is 
identi?ed as a compound that enhances binding of RNA. In 
another embodiment, the amount of binding of the RNA to 
the target molecule in the presence of the tetracycline 
compound is less than the amount of binding of the RNA to 
the target molecule in the absence of the tetracycline com 
pound, in Which case the tetracycline compound is identi?ed 
as a compound that inhibits the binding of RNA to protein. 

[0040] In more than one embodiment of the above assay 
methods of the present invention, it may be desirable to 
immobiliZe either RNA or a target protein molecule, for 
example, to facilitate separation of complexed from uncom 
plexed forms of one or both of the molecules, or to accom 
modate automation of the assay. Binding of a tetracycline 
compound to an RNA molecule, or interaction of an RNA 
molecule With a protein molecule in the presence and 
absence of a test compound, can be accomplished in any 
vessel suitable for containing the reactants. Examples of 
such vessels include microtitre plates, test tubes, and micro 
centrifuge tubes. In one embodiment, a fusion protein can be 
provided Which adds a domain that alloWs one or both of the 
proteins to be bound to a matrix. 

[0041] In one embodiment, RNA modulation can be 
detected in a cell by measuring the effect of a tetracycline 
compound on the amount or activity of one or more proteins 
in a cell. Preferably the protein is one associated With a 
particular disorder in a subject, i.e., is a therapeutically 
relevant protein. 

[0042] In another aspect, the invention pertains to a 
method for treating a subject for a disorder treatable by 
modulation RNA or by modulation of RNA in combination 
With a second agent (DTMR). The method includes admin 
istering to the subject an effective amount of a substituted 
tetracycline compound or an effective amount of a substi 
tuted tetracycline compound and a second agent (e.g., a 
chemotherapeutic agent) such that the DTMR is treated. 

[0043] The term “disorders treatable by modulation of 
RNA” or “DTMR” includes viral, neurodegenerative and 
other disorders Which are caused or related to RNA function, 
structure, amounts and/or other activities of RNA Which are 
loWer or higher than desired and those disorders treatable by 
compounds described herein. Examples of DTMR include 
viral disorders (e.g., retroviral disorders (e.g., HIV, etc.), 
disorders caused by human rhinovirus RNA and proteins, 
VEE virus, VeneZuelan equine encephalitis virus, eastern X 
disease, West Nile virus, bacterial spot of peach, camelpox 
virus, potato leafroll virus, stubborn disease and infectious 
variegations of citrus seedlings, viral protein synthesis in 
Escherichia coli infected With coliphage MS2, yelloW 
viruses, citrus greening disease, ratoon stunting disease, 
European yelloWs of plants, inclusion conjunctivitis virus, 
meningopneumonitis virus, trachoma virus, hog plague 
virus, ornithosis virus, in?uenza virus, rabies virus, viral 
abortion in ungulates, pneumonitis, and cancer. 

[0044] Other exemplary DTMRs include disorders caused 
by, or associated With splicing. For example, some disorders 
associated With defects in pre-mRNA processing result from 
a loss of function due to mutations in regulatory elements of 
a gene. Examples of such mutations are described in KraWc 
Zak et al. (1992) Hum. Genet, 90:41-54; and Nakai et al. 
(1994) Gene 14:171-177. Other DTMR include disorders 
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Which have been attributed to a change in trans-acting 
factors. Examples of DTMRs Which are associated With 
splicing include those described in Philips et al. (2000), Cell. 
Mol. Life Sci, 57:235-249), as Well as, FTDP-17 (fronto 
temporal dementia With parkinsonism) and [3-thalassemia. 

[0045] Certain DTMRs associated With splicing include 
those Which are generated by point mutations that either 
destroy splice-sites or generate neW cryptic sites in the 
vicinity of normally used exons. Examples of such DTMRs 
include cystic ?brosis (Friedman et al. (1999) J. Biol. Chem. 
274:36193-36199), muscular dystrophy (Wilton et al. (1999) 
Neuromuscul. Disord. 0.9:330-338), and eosinophilic dis 
eases (Karras et al., (2000) Mol. Pharamcol. 58:380-387). 

[0046] Other DTMRs include cancers Which may change 
splicing patterns during cancer formation and progression. 
Example of such cancers include, but are not limited to 
leukemia, colon/rectal cancer, myeloid leukemia, breast 
cancer, gastric carcinomas, acute leukemia, multiple 
myeloma, myeloid cell leukemia, lung cancer, prostate can 
cer, etc. Addition DTMRs associated With splicing are 
discussed in Stoss et al., (2000), Gene Then Mol. Biol. 
519-30). 
[0047] Another example of a DTMR is a cancer in Which 
treatment of the cancer cells With a tetracycline compound 
results in the modulation of RNA, Where the modulation of 
RNA increases the susceptability of the cell to a second 
agent, e.g., a chemotherapeutic agent. Such DTMRs can be 
treated using a combination of the tetracycline compound 
and a chemotherapeutic agent. Exemplary cancers include 
those in Which the tetracycline compound modulates the 
form of BCL expressed by the cells. 

[0048] Other DTMRs include disorders Wherein particular 
riboZymes are present in aberrant quantities. Examples 
include breast cancer, hepatitis C virus (HCV), liver cirrho 
sis, and heptacellular carcinoma. 

[0049] In a further embodiment, the tetracycline com 
pounds for treating cancer do not include, for example, the 
tetracycline compounds described in US. Pat. Nos. 6,100, 
248; 5,843,925; 5,837,696; 5,668,122; WO 98/31224; US 
20020045603; WO 99/49871; WO 01/87823; WO 
00/28983; U.S. Pat. No. 5,574,026; incorporated herein by 
reference in their entirety. 

[0050] Other DTMRs include, but are not limited to, 
asthma, arthritis, anemia, AlZheimer’s, Huntington’s dis 
ease, aortic aneurysm, diabetes, ischemia, hyperlipidemia, 
and obesity. 

[0051] In an embodiment, When the DTMR is an aortic 
aneurysm, the tetracycline compound is not doxycycline. In 
another embodiment, When the DTMR is Huntington’s 
disease, the tetracycline compound is not minocycline. In 
another embodiment, When the DTMR is cerebral ischemia, 
the tetracycline compound is not tetracycline. In other 
embodiments, When the DTMR is asthma, the tetracycline 
compound is not minocycline or doxycycline. 

[0052] In other embodiments, the DTMRs of the invention 
do not include aortic aneurysm, Huntington’s disease, 
asthma or cerebral ischemia. 

[0053] The term “subject” With reference to treatment 
includes humans and other organisms and viruses Which 
have RNA such as plants, animals (e.g., mammals, e.g., cats, 
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dogs, horses, pigs, cows, sheep, rodents, rabbits, squirrels, 
bears, primates (e.g., chimpanzees and gorillas)). 

[0054] The language “effective amount” of the tetracy 
cline compound is that amount necessary or sufficient to 
treat or prevent a DTMR or modulate RNA in a subject. The 
effective amount can vary depending on such factors as the 
siZe and Weight of the subject, the particular DTMR, or the 
particular tetracycline compound. For example, the choice 
of the tetracycline compound can affect What constitutes an 
“effective amount”. One of ordinary skill in the art Would be 
able to study the aforementioned factors and make the 
determination-regarding the effective amount of the tetra 
cycline compound Without undue experimentation. 

[0055] The regimen of administration can affect What 
constitutes an effective amount. The tetracycline compound 
can be administered to the subject either prior to or after the 
onset of a disease Which is treatable. Further, several divided 
dosages, as Well as staggered dosages, can be administered 
daily or sequentially, or the dose can be continuously 
infused, orally administered, administered by inhalation, or 
can be a bolus injection. Further, the dosages of the tetra 
cycline compound(s) can be proportionally increased or 
decreased as indicated by the exigencies of the therapeutic 
or prophylactic situation. 

[0056] The term “treated,”“treating” or “treatment” 
includes therapeutic- and/or prophylactic treatment. The 
treatment includes the diminishment or alleviation of at least 
one symptom associated or caused by the DTMR. For 
example, treatment can be diminishment of one or several 
symptoms of a disorder or complete eradication of the 
DTMR. 

[0057] In another aspect, the invention pertains to methods 
for identifying tetracycline compounds for treating DTMR, 
comprising: contacting a cellular component With a tetracy 
cline compound; measuring the ability of the tetracycline 
compound to modulate RNA, to thereby identify a tetracy 
cline compound for treating DTMR, either alone or in 
combination With a second agent. 

[0058] In one embodiment, the ability of the compound to 
modulate RNA translation is measured. In another embodi 
ment, the ability of the compound to modulate the half-life 
of RNA is measured. In another embodiment, the ability of 
the compound to modulate translocation of RNA is mea 
sured. In another embodiment, the ability of the compound 
to modulate the interaction of RNA With proteins is mea 
sured. In another embodiment, modulation of RNA splicing 
is measured. Modulation of RNA can be detected using any 
of the methods described herein or other art recogniZed 
methods. 

[0059] 
[0060] In one embodiment, the tetracycline compound is a 
substituted tetracycline compound. 

II. Substituted Tetracycline Compounds 

[0061] The term “tetracycline compound” includes sub 
stituted tetracycline compounds and compounds With a 
similar ring structure to tetracycline, including minocycline, 
doxycycline, tetracycline, chlortetracycline, oxytetracy 
cline, demeclocycline, methacycline, sancycline, chelocar 
din, rolitetracycline, lymecycline, apicycline; clomocycline, 
guamecycline, meglucycline, mepylcycline, penimepicy 
cline, pipacycline, etamocycline, penimocycline, etc. Other 
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derivatives and analogues comprising a similar four ring 
structure are also included (See Rogalski, “Chemical Modi 
?cations of Tetracyclines,” the entire contents of Which are 
hereby incorporated herein by reference). Table 1 depicts 
tetracycline and several knoWn other tetracycline deriva 
tives. 

TABLE 1 

OH O OH O 

Oxytetracycline 

CH2 OH N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Methacycline 

H3C OH N(Me)z 

OH 

\ CONHZ 
OH 

OH O OH O 

Tetracycline 

Cl H OH N(M6)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Demeclocycline 

CH3 OH N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Doxycycline 

N(Me)2 

OH 

\ CONHZ 
OH 

OH O OH O 

Sancycline 
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TABLE 1-continued 

CONHZ 

OH O OH O 

Minocycline 

C1 H3C OH N(Me)z 

OH 

\ CONHZ 
OH 

OH O OH O 

Chlortetracycline 

CH3 N(M6)2 

OH 

H3C COCH3 
OH 

OH OH O O 

Chelocardin 

[0062] Other tetracycline compounds Which may be modi 
?ed using the methods of the invention include, but are not 
limited to, 6-demethyl-6-deoxy-4-dedimethylaminotetracy 
cline; tetracyclino-pyraZole; 7-chloro-4-dedimethylami 
notetracycline; 4-hydroxy-4-dedimethylaminotetracycline; 
12ot-deoxy-4-dedimethylaminotetracycline; 5-hydroxy-6ot 
deoxy-4-dedimethylaminotetracycline; 4-dedimethylamino 
12ot-deoxyanhydrotetracycline; 7-dimethylamino-6-dem 
ethyl-6-deoxy-4-dedimethylaminotetracycline; 
tetracyclinonitrile; 4-oxo-4-dedimethylaminotetracycline 
4,6-hemiketal; 4-oxo-11a C1-4-dedimethylaminotetracy 
cline-4,6-hemiketal; 5a,6-anhydro-4-hydraZon-4-dedim 
ethylamino tetracycline; 4-hydroxyimino-4-dedimethy 
lamino tetracyclines; 4-hydroxyimino-4-dedimethylamino 
5a,6-anhydrotetracyclines; 4-amino-4-dedimethylamino-5a, 
6 anhydrotetracycline; 4-methylamino-4-dedimethylamino 
tetracycline; 4-hydraZono-11a-chloro-6-deoxy-6-demethyl 
6-methylene-4-dedimethylamino tetracycline; tetracycline 
quaternary ammonium compounds; anhydrotetracycline 
betaines; 4-hydroxy-6-methyl pretetramides; 4-keto tetracy 
clines; 5-keto tetracyclines; 5a,11a dehydro tetracyclines; 
11a C1-6,12 hemiketal tetracyclines; 11a C1-6-methylene 
tetracyclines; 6,13 diol tetracyclines; 6-benZylthiomethylene 
tetracyclines; 7,11a-dichloro-6-?uoro-methyl-6-deoxy tetra 
cyclines; 6-?uoro (ot)-6-demethyl-6-deoxy tetracyclines; 
6-?uoro ([3)-6-demethyl-6-deoxy tetracyclines; 6-0. acetoxy 
6-demethyl tetracyclines; 6-[3 acetoxy-6-demethyl tetracy 
clines; 7,13-epithiotetracyclines; oxytetracyclines; pyraZo 
lotetracyclines; 11a halogens of tetracyclines; 12a formyl 
and other esters of tetracyclines; 5,12a esters of tetracy 
clines; 10,12a-diesters of tetracyclines; isotetracycline; 
12-a-deoxyanhydro tetracyclines; 6-demethyl-12a-deoxy-7 
chloroanhydrotetracyclines; B-nortetracyclines; 7-methoxy 
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6-demethyl-6-deoxytetracyclines; 6-demethyl-6-deoxy-5a 
epitetracyclines; 8-hydroxy-6-demethyl-6-deoxy 
tetracyclines; monardene; chromocycline; 5a methyl-6 
demethyl-6-deoxy tetracyclines; 6-oxa tetracyclines, and 6 
thia tetracyclines. In certain embodiments, the term tetracy 
cline compound does not include 7-chlorotetracycline, 
minocycline, doxycycline, or tetracycline. 

[0063] The term “tetracycline compounds” includes sub 
stituted tetracycline compounds as de?ned beloW, and as 
described in the speci?cation. The tetracycline compounds 
may or may not have antibacterial or antiinfective activity. 
In certain embodiments of the invention, the tetracycline 
compound has antiinfective, antiin?ammatory and/or anti 
bacterial activity. In other embodiments of the invention, the 
tetracycline compound does not have signi?cant antiinfec 
tive, antiin?ammatory or antibacterial therapeutic activity. 

[0064] Examples of substituted tetracycline compounds 
include compounds described in US. Pat. Nos. 6,165,999; 
5,834,450; 5,886,175; 5,567,697; 5,567,692; 5,530,557; 
5,512,553; 5,430,162 each of Which is incorporated herein 
by reference in its entirety. Other examples of substituted 
tetracycline compounds include those described in, for 
example, WO 99/37307, WO 02/12170, WO 02/04407, WO 
02/04406, WO 02/04404, WO 01/98260, WO 01/98259, 
WO 01/98236, WO 01/87824, WO 01/74761, WO 
01/52858, WO 01/19784, WO 84/01895, U.S. S. No. 
60/367,050, US. Ser. No. 09/895,797, US. S. No. 60/305, 
546, US. S. No. 60/346,930, US. S. No. 60/346,929, US. 
S. No. 60/347,065, US. S. No. 60/346,956, US. S. No. 
60/367,049, US. Ser. No. 10/097,095, US. Ser. No. 10/097, 
135, US. S. No. 60/362,654, US. S. No. 60/367,045, US. 
S. No. 60/366,915, US. S. No. 60/367,048, and 10/196,010. 
Other examples of substituted tetracycline compounds are 
described in EP 0582810 B1; EP 0536 515B1; EP 0582 
789B1; EP 0582 829B1; EP 0582788B1; US. Pat. No. 
5,530,117; US. Pat. No. 5,495,030; US. Pat. No. 5,495,018; 
US. Pat. No. 5,494,903; US. Pat. No. 5,466,684; EP 0535 
346B1; US. Pat. No. 5,457,096; US. Pat. No. 5,442,059; 
US. Pat. No. 5,430,162; US. Pat. No. 5,420,272; US. Pat. 
No. 5,401,863; US. Pat. No. 5,401,729; US. Pat. No. 
5,386,041; US. Pat. No. 5,380,888; US. Pat. No. 5,371,076; 
EP 618 190; US. Pat. No. 5,326,759; EP 582 829; EP 528 
810; EP 582 790; EP 582 789; EP 582 788; US. Pat. No. 
5,281,628; EP 536 515; EP 535 346; WO 96/34852; WO 
95/22529A1; US. Pat. No. 4,066,694; US. Pat. No. 3,862, 
225; US. Pat. No. 3,622,627; WO 01/87823A1; and WO 
00/28983A1. Each of these aforementioned applications and 
patents are hereby incorporated herein by reference in its 
entirety. In addition, the invention pertains to each of the 
compounds described herein, methods of using each of the 
compounds, and pharmaceutical compositions comprising 
each of the compounds. 

[0065] The term “substituted tetracycline compound” 
includes tetracycline compounds With one or more addi 
tional substituents, e.g., at the 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
11a, 12, 12a or 13 position or at any other position Which 
alloWs the substituted tetracycline compound of the inven 
tion to perform its intended function, e.g., to modulate RNA 
or treat a DTMR. In certain embodiments, the substituted 
tetracycline compound is a 7-substituted sancycline com 
pound, a 9-substituted minocycline compound, or a 7,9 
substituted sancycline compound. In certain embodiments, 
the term “substituted tetracycline compound” does not 
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include tetracycline compounds With a chlorine, hydrogen or 
dimethylamino substituent at the 7-position. In other 
embodiments, the term “substituted tetracycline compound” 
does not include compounds With a hydrogen as a 9-position 
substituent. In other embodiments, the term substituted 
tetracycline does not include S-hydroxy tetracycline, 7-chlo 
rotetracycline, 6-demethyl-7-chlorotetracycline, anhydro 
chlorotetracycline, 4-epi-anhydrochlorotetracycline, or che 
locardin. 

[0066] The term “substituted tetracycline compound” also 
includes substituted tetracycline compounds of the formula 

(1)1 

(I) 

0R10 0 0R11 0 0 

[0067] 
[0068] R2, R2’, R4’, and R4" are each independently 

hydrogen, alkyl, alkenyl, alkynyl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, arylalkyl, 
aryl, heterocyclic, heteroaromatic or a prodrug moi 
ety; 

[0069] R2’, R3, R10, R11 and R12 are each hydrogen, 
alkyl, alkenyl, alkynyl, aryl, substituted carbonyl, or 
a pro-drug moiety; 

[0070] R4 is NR4'R4", alkyl, alkenyl, alkynyl, 
hydroXyl, halogen, or hydrogen; 

Wherein 

[0071] R5 is hydroXyl, hydrogen, thiol, alkanoyl, 
aroyl, alkaroyl, aryl, heteroaromatic, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, alkyl carbonyloXy, or aryl 
carbonyloXy; 

[0072] R6 and R6’ are each independently hydrogen, 
methylene, absent, hydroXyl, halogen, thiol, alkyl, 
alkenyl, alkynyl, aryl, alkoXy, alkylthio, alkylsul? 
nyl, alkylsulfonyl, alkylamino, or an arylalkyl; 

[0073] R7 is hydrogen, hydroXyl, halogen, thiol, 
nitro, alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, arylalkyl, amino, aryla 
lkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, 
thionitroso, or —(CH2)O_3NR7°C(=W‘)WR7"‘; 

[0074] R8 is hydrogen, hydroXyl, halogen, thiol, 
nitro, alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, 
alkylsul?nyl, alkylsulfonyl, alkylamino, amino, ary 
lalkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, 
thionitroso, or —(CH2)0_3NR8°C(=E‘)ER8"‘; 

[0075] R9 is hydrogen, hydroXyl, halogen, thiol, 
nitro, alkyl, alkenyl, alkynyl, aryl, alkoXy, alkylthio, 
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alkylsul?nyl, alkylsulfonyl, arylalkyl, amino, aryla 
lkenyl, arylalkynyl, acyl, aminoalkyl, heterocyclic, 
thionitroso, or —(CH2)0_3NR9°C(=Z‘)ZR9"‘; 

R73, R71), R7c, R7d, R76, R7f, R83, R8b, R8c, 
R8d, R86, R8f, R93, RQb, R90, RQd, R96, and R9f are 
each independently hydrogen, acyl, alkyl, alkenyl, 
alkynyl, alkoXy, alkylthio, alkylsul?nyl, alkylsulfo 
nyl, alkylamino, arylalkyl, aryl, heterocyclic, het 
eroaromatic or a prodrug moiety; 

[0077] R13 is hydrogen, hydroXy, alkyl, alkenyl, alky 
nyl, alkoXy, alkylthio, aryl, alkylsul?nyl alkylsulfo 
nyl, alkylamino, or an arylalkyl; 

[0078] E is CR8dR8e, S, NR8b or O; 

[0079] E‘ is 0, NR“, or s; 

[0080] W is CR7dR7e, s, NR7b or o; 

is , , or ; [0081] W‘ ' o NR7f 8 

IS , = a a 0082 X ' CHC R13Y‘Y c CRBY CR6'R6 8 
NR or O; 

[0083] Y‘ and Y are each independently hydrogen, 
halogen, hydroXyl, cyano, sulfhydryl, amino, alkyl, 
alkenyl, alkynyl, alkoXy, alkylthio, alkylsul?nyl, 
alkylsulfonyl, alkylamino, or an arylalkyl; 

[0084] Z is CR9dR9e, S, NR9b or O; 

[0085] Z‘ is O, S, or NRgf, and pharmaceutically 
acceptable salts, esters and enantiomers thereof. 

[0086] In a further embodiment, the substituted tetracy 
cline compounds of formula (I) comprise compounds 
Wherein R2, R2’, R8, R10, R11, and R12 are each hydrogen, X 
is CR6R6', and R4 is NR4'R4", wherein R4’ and R4" are each 
methyl. In addition, R9 may be hydrogen. 

[0087] In one embodiment, R7 is substituted or unsubsti 
tuted aryl, e.g., phenyl or heteroaryl. In a further embodi 
ment, R7 is substituted With one or more substituents Which 
alloW the substituted tetracycline compound to perform its 
intended function, e.g., treat a DTMR or modulate RNA. 
Examples of such substituents include alkyl, alkenyl, alky 
nyl, halogen, hydroXyl, alkylcarbonyloXy, arylcarbonyloXy, 
alkoXycarbonyloXy, aryloXycarbonyloXy, carboXylate, alky 
lcarbonyl, arylcarbonyl, alkoXycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo 
nyl, alkoXyl, phosphate, phosphonato, phosphinato, cyano, 
amino, acylamino, amidino, imino, sulfhydryl, alkylthio, 
arylthio, thiocarboXylate, sulfates, alkylsul?nyl, sulfonato, 
sulfamoyl, sulfonamido, nitro, tri?uoromethyl, cyano, aZido, 
heterocyclyl, alkylaryl, aryl or heterocyclic moiety. 

[0088] In another embodiment, R7 is substituted or unsub 
stituted alkenyl. Examples of substituents for alkenyl R7 
groups include alkyl, alkenyl, alkynyl, halogen, hydroXyl, 
alkylcarbonyloXy, arylcarbonyloXy, alkoXycarbonyloXy, 
aryloXycarbonyloXy, carboXylate, alkylcarbonyl, arylcarbo 
nyl, alkoXycarbonyl, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylthiocarbonyl, alkoXyl, phos 
phate, phosphonato, phosphinato, cyano, amino, acylamino, 



US 2004/0214800 A1 

amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboXy 
late, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, sulfona 
mido, nitro, tri?uoromethyl, cyano, aZido, heterocyclyl, 
alkylaryl, aryl or heterocyclic moiety. 

[0089] In another embodiment, R7 is substituted or unsub 
stituted heteroaryl and R9 is alkyl. 

[0090] In another further embodiment, the substituted 
tetracycline compound is a substituted minocycline com 

pound, e.g., R7 is dialkylamino. In a further embodiment, R9 
is alkylamino. In another embodiment, R9 is 
—NR9°C(=Z‘)ZR9"‘, wherein R90 is hydrogen, Z‘ is nitrogen 
or oxygen, Z is NH, and R93 is aryl or aralkyl. 

[0091] Examples of tetracycline compounds include: 

NH; 
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NH2 

Cl 
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-continued -continued 

\ N/ 

OH O OH 

HO 

Cl 

[0092] and pharmaceutically acceptable salts, esters, and 
prodrugs thereof. Other examples of substituted tetracycline 
compounds are shoWn in Table 2, beloW. 
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TABLE 2 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH OH O O O 

Q} indicates text missing or illegible When filed 

OH O OH O O 

Q?) indicates text missing or illegible When filed 



US 2004/0214800 A1 
11 

TABLE 2-c0ntinued 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible when filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

('2) indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

@ 

OH O OH O O 

(5?) indicates text missing or illegible When filed 

@ 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

@ indicates text missing or illegible When filed 

@ indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

O 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

@ @ (j 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

Q) indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

C?) indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

@ 

@ 

@ indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

OH O OH O O 

@ indicates text missing or illegible When filed 

O OH O OH O O 

Q) indicates text missing or illegible When filed 

OH O OH O O 

('2) indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

\ / 

@ mun® -um@ 

OH O OH O O 

6:‘ indicates text missing or illegible When filed 

"HMO 

OH O OH O O 

Q?) indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

OH O OH O O 

@ indicates text missing or illegible When filed 

(9 

OH O OH O O 

@ indicates text missing or illegible When filed 

OH O OH O O 

67) indicates text missing or illegible When filed 

OH O OH O O 

@ indicates text missing or illegible When filed 
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TABLE 2-c0ntinued 

OH O OH O O 

@ indicates text missing or illegible When filed 

O OH O OH O O 

@ indicates text missing or illegible When filed 

(3 indicates text missing or illegible When filed 

OH O OH O O 

('9 indicates text missing or illegible When filed 

@ indicates text missing or illegible When filed 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































